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Purpose
This project attempts to improve on measures of comorbidity for use with administrative inpatient databases. This study used a large administrative data set to develop and test comorbidity measures that can be used to control for a broad array of patients' underlying, preexisting conditions in many types of studies. Because research using administrative datasets often examines resource use or clinical outcomes, we developed the comorbidity measures to predict hospital charges, length of stay, and in-hospital mortality.
Methods

Defining Important Comorbidities
The entire burden of illness for a patient, as reflected in the information relevant to a hospitalization, can be divided into five separate concepts:
1. The primary reason for hospitalization, as reflected in the principal diagnosis;
2. The severity of the principal diagnosis;
3. Complications that result from the process of care; 4. Unimportant comorbidities or other conditions present on admission that have a trivial impact on resource use and outcomes; and 5. Important comorbidities or conditions present on admission that are not related directly to the main reason for hospitalization, but that increase the intensity of resources used or increase the likelihood of a poor outcome.
To conceptually identify important comorbidities, we attempted to exclude information that relates to the other aspects of a patient's condition, concepts 1 through 4 above. We strove to eliminate the main reason for hospitalization by restricting our search for comorbidities to secondary diagnoses. We considered a secondary diagnosis to be a comorbidity only when it was not directly related to the principal diagnosis. To apply this restriction, we considered secondary diagnoses to be comorbidities only when they did not relate directly to the diagnosis-related group (DRG) assignment of each patient.24 For example, if the ICD-9-CM code 428.9 (heart failure, unspecified) appeared on the record, it was counted as a comorbidity only if the record did not fall into any of the cardiac DRGs. The secondary diagnosis of heart failure under a cardiac DRG most likely represents a further specification of the principal diagnosis and is not likely to be a discrete and separate coexisting condition. By implementing this rule, we assumed that heart failure under a cardiac DRG is a modifier of the principal diagnosis and an indicator of illness severity that can be taken into account by using severity of illness measures such as Disease Staging.25 Although this assumption may not always be accurate, we chose to take a more conservative approach to identifying comorbidities that did not overlap Vol. 36, No. 1 with other established and often used approaches to assessing disease severity.
We attempted to eliminate complications by excluding ICD-9-CM codes that reflect acute conditions that could result from medical misadventures. A number of diagnoses that might be considered comorbidities were not counted as such because the conditions were not distinguishable from complications that might have originated during the hospitalization as a result of diagnostic or therapeutic interventions. Such acute conditions include pneumonia, pleural effusion, urinary tract infection, cardiac arrest, cardiogenic shock, and respiratory failure. Again, this represented a conservative approach in that these conditions could be comorbidities, but given their acute nature, they are often complications. Finally, we eliminated unimportant comorbidities because it has been demonstrated in the literature and through empirical work reported here that these conditions do not have a significant impact on resource use or mortality if they are not the principal diagnosis. Such conditions include benign prostatic hypertrophy, inguinal hernia, and diverticulosis.12'26
We defined comorbidity as a clinical condition that exists before a patient's admission to the hospital, is not related to the principal reason for the hospitalization, and is likely to be a significant factor influencing mortality and resource use in the hospital. Although the first part of this definition cannot be strictly met using most discharge abstract data, the other two parts can be addressed to some extent.
Selecting and Refining the Comorbidity List
An initial list of 41 comorbidities was selected through review of published studies identifying comorbid conditions and by examining the ICD-9-CM coding manual for additional comorbid conditions that met our definition of a comorbidity.1'19,27-31 To refine the initial list of comorbidities, a series of univariate and multivariate analyses were conducted. Comorbidities that were infrequent (late effects of infectious illness, other heart disease) or statistically unrelated to length of stay, total charges, or in-hospital mortality (osteoarthritis, old myocardial infarction, cardiomyopathy, cerebrovascular disease, dementia, other endocrine disorders, renal disease, leukemia, other anemias, inflammatory bowel disease, atherosclerosis) were excluded. Comorbidities that were too heterogeneous were partitioned further (anemia was split into blood loss and deficiency anemias; hypothyroidism was split from other endocrine disorders; alcohol and drug abuse were split into separate comorbidities, and mental illness was split into psychoses and depression). Similar comorbidities that, when separate, were weakly related to the outcome measures, but, when merged, had a stronger relationship were combined (hypertension and complicated hypertension, mild and severe liver disease). Finally, an algorithm was created to avoid double-counting closely related comorbidities. For example, if a patient's record included both diabetes and diabetes complications, only the more severe comorbidity (diabetes complications) was counted. The above revisions resulted in a final set of 30 comorbidities. The final list of comorbidities, including their ICD-9-CM codes, the DRGs that screen out comorbidities directly related to the reason for hospitalization, and the rules for eliminating doublecounting are displayed in Table 1 .
Study Population
The study population was drawn from all inpatient hospital stays in California for the year 1992. These data were part of the Statewide Inpatient Database (SID) of the Healthcare Cost and Utilization Project, a research project of the Agency for Health Care Policy and Research. California was chosen because it is the most populous state in the nation and because California collects more clinical information than any other state-the principal diagnosis and procedure and up to 29 secondary diagnoses and procedures.
The California SID contains inpatient stay records (N = 3,597,735) from all 439 non-federal, community hospitals in the state. The discharge record includes typical patient-level clinical, demographic, and resource use information. The study population was restricted to nonmaternal records of patients 18 years and older who were admitted to acute care hospitals and were not discharged to a long-term care facility or another hospital (n = 1,779,167). Patients discharged to another institution were excluded because it was assumed that their episode of care extended beyond this hospitalization, thus their use of resources during this hospitalization would have been truncated, and their inclusion would have introduced bias. The study population was drawn from 438 hospitals and is described in Table 2 . COMORBIDITY 
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Approach
The list of comorbidities was evaluated on the heterogenous set of records with all reasons for hospitalizations and on homogeneous subsets of these hospitalization records for patients with particular diseases. The heterogeneous group allowed us to evaluate the usefulness of the comorbidities as controls for studies that involve a broad spectrum of cases, for example, studies of all discharges from a particular hospital.
The homogeneous groups allowed us to test the usefulness of the comorbidities for studies of specific clinical populations. We selected 10 conditions representing acute, chronic, surgical, or nonsurgical conditions: breast cancer (n = 15,968), acute myocardial infarction (n = 39,686), asthma (n = 21,895), appendicitis (n = 20,438), abdominal hernia (n = 12,746), diverticulosis and diverticulitis (n = 14,064), biliary tract disease (n = 53,551), low back pain (n = 45,467), pneumonia (n = 70,333), and diabetes mellitus with complications (n = 26,287).
Ordinary least square regressions were used to assess the contribution of the comorbidities to predicting logged length of stay and logged total charges. Length of stay and charges were transformed into logarithms because they had skewed distributions with very long tails of few cases with lengthy or expensive hospitalizations. Logistic regression was used to assess the contribution of the comorbidities to predicting in-hospital mortality. Each regression model contained a set of independent variables that are commonly used to isolate the influence of demographics, financial incentives, and clinical differences among patients, including: age (in years), race (black, other, white = reference category), gender (female = reference), expected primary payer (Medicare, Medicaid, selfpay, other, private insurance = reference), emergency admission (urgent and elective combined = reference), surgery performed in the hospital (ie, patient assigned any surgical DRG), and presence of any complication that occurred in the hospital. Complications were based on diagnoses, defined by DesHarnais,32 that indicate adverse events resulting from medical treatments or procedures. The ICD-9-CM codes for complications are listed in a footnote to Table 2 . In defining complications, we avoided potential comorbidities as defined by the DRG system (eg, MI or anemias), thus we may have underestimated the true rate of complications. Complications never overlappedwith our definitions of comorbidities.
Results
Heterogeneous Group
In this population of adult, nonmatemal discharges with varied reasons for hospitalization, nearly 60% of patients had at least one comorbidity. Table 3 shows that the greater the number of comorbidities affecting a patient, the greater the resource use and the likelihood of death in the hospital. Length of stay and total charges were twice as high for patients with three or more comorbidities compared with patients who had no comorbidities, and the death rate was higher by a factor of seven. As expected, the number of comorbidities and the age of the patient also were positively related. Table 4 reveals that the most frequent comorbidities among all discharges were: hypertension (17.9% of cases), fluid and electrolyte disorders (13.3%), chronic pulmonary disease (9.9%), diabetes (7.8%), deficiency anemias (7.3%), and cardiac arrhythmias (6.8%). Table 4 also shows the independent effects of each comorbidity on the outcomes of interest, while holding constant the effects of all other comorbidities and other variables specified in the model. The antilogarithm of the coefficient, or the transformed coefficient, is the percentage change in resource use from having a particular comorbidity, independent of other patient characteristics. The odds ratio is the odds that a patient with a particular comorbidity will die in the hospital, holding constant all other factors measured. For example, congestive heart failure increased both length of stay and charges by 35% and increased the likelihood of death by 2.3 times compared with patients who had no congestive heart failure recorded but were similar on the other dimensions measured. In general, if a comorbidity was associated with a statistically significant increase in length of stay or total hospital charges, it usually increased the odds of dying in the hospital. There were, however, some interesting exceptions to this observation. Although hypertension increased hospital charges by 6%, it decreased the odds of in-hospital death by 40%. This finding is consistent with other studies and is an indicator of a bias in discharge abstract codingnamely, the severity of the patient's condition inversely affected the coding of certain common and singly unthreatening conditions.6,9 A seriously ill pa- tient may have had so many medical problems that hypertension, although detected, was not abstracted for the discharge record; at the same time, a relatively healthy patient may have been more likely to have had hypertension recorded if it existed because there were fewer serious clinical findings to record in the abstract and medical record. Similar anomalies were evident for the following comorbidities: valvular heart disease, hypothyroidism, peptic ulcer disease without hemorrhage, obesity, blood loss anemia, and depression. In these cases, the comorbidity was associated with longer lengths of stay and higher charges, but a lower odds of in-hospital mortality. stay (R2) more than doubled from 0.06 to 0.13 when the comorbidity variables were added. For total charges, the R2 increased by 44%, from 0.18 to 0.26, after adding the comorbidity set. For mortality, the comorbidities as a group were not significant. Although the Hosmer-Lemeshow statistic for the logistic regression on all patients did not indicate that the model fit the data, the correspondence between observed and expected values was quite clear over all deciles of risk. The significant departure from model fit was no doubt because of the large sample size, enabling small differences between the observed and expected values to be considered significant.
A number of the comorbidities had substantial effects on the outcomes. Ten comorbidities were consistently influential across all three outcomes, independently increasing resource use by 25% or more or increasing the odds of dying by 50% or more. These were: congestive heart failure, pulmonary circulation disorders, paralysis, other neurological disorders, AIDS, lymphoma, metastatic cancer, coagulopathy, weight loss, and fluid and electrolyte disorders.
Ten Homogeneous Subgroups
As for the heterogeneous population, the relationship between comorbidities and outcomes was strong and was more consistent for resource use than for mortality. Appendixes A through C summarize the effects of comorbidities on length The appendixes show consistently positive and statistically significant results in nearly all of the length-of-stay and charge analyses, but in the mortality analysis, more comorbidities were negatively related to in-hospital death. Again, the probable coding bias of lower mortality being associated with certain comorbidities occurred for many of the same comorbidities as in the analysis of the heterogeneous population. Comorbidities that significantly increased length of stay and charges in many subgroups but were associated with lower mortality in at least one subgroup were: hypertension, obesity, deficiency anemias, and depression. Compared with the effect of comorbidities on mortality in the heterogeneous population (where only 72% of the statistically significant effects were positive), considerably more were positive for the disease-specific tests (85% of the comorbidity tests).
Twenty-six of the 30 comorbidities had at least one diagnosis subgroup for which the specific comorbidity had an effect of 25% or more on resource use or had an effect of increasing the probability of death by 50% or more compared with those without the comorbidity. A few comorbidities were consistently strong predictors of outcomes for the diagnosis subgroups: congestive heart failure, diabetes with complications, renal failure, coagulopathy, weight loss, fluid and electrolyte disorders, blood loss anemia (except for mortality prediction), and deficiency anemia (except for mortality prediction). Of all comorbidities examined, seven were statistically significant predictors in six or more subgroups for all three outcome measures. Those seven comorbidities were: congestive heart failure, cardiac arrhythmias, other neurologic disorders, renal failure, coagulopathy, weight loss, and fluid and electrolyte disorders.
As in the heterogeneous analyses, the effects of the comorbidities as a group on the resource use measures were evaluated for each disease group. The R2 values for the length-of-stay regressions increased, on average, by 37% when all comorbidities were included, with the increase as high as 75% for pneumonia patients (R2 from 0.08 to 0.14) and as low as 12% (R2 from 0.34 to 0.38) for diverticulosis patients. The increase in R2 for the total-charge regressions were, on average, 49% 
Discussion
Controlling for preexisting clinical conditions, or comorbidities, is of interest in all types of health care studies. This study identified a set of diagnoses that may represent comorbidities in administrative inpatient datasets. The impacts of the comorbidities on the outcomes of interest were strong. The effects were generally consistent across the outcomes but with varying impacts by specific comorbidities and for specific homogeneous patient groups.
Limitations
The present study has some limitations, which include: (1) the reliance on administrative data, (2) less precise results in predicting mortality, and (3) incomplete validation.
First, this work relies on administrative data, which are never complete or detailed enough to provide a clinically precise method for identifying comorbidities. The most important shortcoming of administrative data, for this study, is that it is not possible to identify when a condition became apparent. Complete claims databases that include inpatient and ambulatory care claims with time can identify the timing of diagnoses and offer a way to distinguish between complications and comorbidities. With such information, the distinction between comorbidities and complications is much more clear, although still subject to the vagaries of coding and data accuracy. Our method attempted to distinguish between comorbidities and complications by making a number of assumptions. Although these assumptions may hold true for many cases, it was still an imperfect procedure, the limitations of which must be taken into account when using this set of comorbidities in other studies.
Another limitation of administrative data is that the distinction between the principal diagnosis and secondary diagnoses may be arbitrary and may be based on nonclinical decisions. Although there are clear coding guidelines for what constitutes a principal diagnosis-the diagnosis that after evaluation is determined to be the main reason for the hospitalization-these guidelines may be subordinated to other incentives such as the desire to maximize reimbursement. A third limitation of administrative data that affected this study pertains to the ability to distinguish between independent comorbidities and conditions that are directly related to the principal diagnosis. It is possible that our estimates overstated the contribution of comorbidities to explaining resource use and outcomes because of the difficulty of distinguishing between these two concepts. Although we attempted to address this issue by eliminating conditions that were related directly to the DRG for the case, this method was still an approximation. This approach provided a relatively conservative method of defining comorbidities, that is, we tried to avoid identifying a condition as a comorbidity when there was a reasonable likelihood that it represented a further specification of the principal diagnosis or a complication rather than a separate condition.
Despite these limitations, statistical results (ours and others) have supported the use of administrative data for many types of studies, and the present work attempts to aid future studies using these data by offering a reasonable, more comprehensive method for controlling for potentially preexisting comorbidities. Extracting clinical detail for more precise measurement is not only prohibitively expensive on the scale needed to develop a general comorbidity tool, but also would not be broadly applicable to the administrative data that are in common use today.
Second, the final comorbidity list predicted mortality less consistently than it predicted the resources used to treat patients. One possible explanation for this is the awareness of hospital administrators of the importance of record keeping for reimbursement of hospital services. Specifically, the hospital billing clerk is trained (or perhaps uses commercial software) to abstract and record diagnoses that augment reimbursements. The same incentives do not exist for diagnoses that predict mortality, and these may or may not be coded, especially when there are numerous complications already listed on a summary record for a patient who died in the hospital.
Another explanation of the weaker mortality results is that the potential comorbidities that we ruled out because they also were potential complications of treatment-pneumonia, pleural effusion, urinary tract infection, cardiac arrest, cardiogenic shock, and respiratory failure-are indeed important predictors of mortality. Other work has suggested strong associations between several of these omitted diagnoses and mortality of the patient.29 Thus, without clinical information in addition to the typical administrative record, this method may underestimate the impact of certain comorbidities on mortality.
Further, death in the hospital is a rare event; only 4.7% of the study records were of deceased patients. Combinations of principal diagnoses and comorbidities as well as specific test results and vital signs may be necessary to predict the relatively rare event of hospital death. This may explain why the comorbidities were better predictors of mortality in the diagnosis-specific analyses than in the heterogeneous group.
The third issue is the development and testing of the comorbidity set on the same data. This approach means that the improvement in the percentage of explained variance that was shown in the final regressions with the comorbidities may be overstated. Users may not obtain the same improvement in R2 (with exclusion and then inclusion of the comorbidity set) that was achieved af- NS, not significant. aSignificant at P = 0.0001; antilogarithms of coefficients from ordinary least squares regressions of the logarithm of the dependent variable run on variables specified in the model. bSignificant at P = 0.05.
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ter developing and then testing the final list on the same data set. The reason that we did not split the data set between development and testing is that we wanted to avoid the weaknesses of earlier work that relied on too few cases and that addressed comorbidities for only a few homogeneous groups of patients. Nonetheless, the improvements in R2 were substantial, and reductions in the explanatory power of these comorbidity measures will be small in comparison. We also believe that real proof of the value of a measurement tool comes from validation by independent researchers.
Advantages of this Comorbidity Set
This comorbidity set attempts to address weaknesses of previous work on comorbidities and extends this work to take advantage of the information available in administrative data. The identification of these comorbidities involved a comprehensive approach including a survey of the literature and the ICD-9-CM manual, which allowed us to begin with a very broad, inclusive list of comorbidities, many of which have not been explored previously, and to consider the complexity of the ICD-9-CM coding system in defining the comorbidity set. Many of these conditions could be complications of medical care; many of them could be indicators of the severity of the principal diagnosis. The methods described here attempted to control for this, but the realities of administrative data mean that it was not possible to easily compartmentalize all conditions into the separate concepts defined earlier: the primary reason for admission, the severity of this principal diagnosis, complications that result from medical care, and comorbidities. There is little evidence on which to base judgments of whether a condition is more often a comorbidity or more often a complication or more often a further definition of the principal diagnosis. In the absence of such information, we provide a method that allows for a flexible approach to measuring comorbidities, a method that should be tempered by the clinical judgment of researchers. For example, users may elect to exclude some comorbidities depending on the specific patient population that is being studied.
The Other comorbidity lists must be revised by users to explicitly omit comorbidities related to the principal diagnosis under study. For example, Deyo et al19 had to omit musculoskeletal comorbidities from Charlson's set of comorbidities when they were studying patients undergoing lumbar spine surgery. With our method, the user can apply the comorbidity list with its DRG screen without further refinement because the DRG screen eliminates comorbidities related to the principal diagnosis. Thus, our measure is generally applicable to studies of all types of diseases. Rather than attempting to derive a summary measure of comorbidities, we chose to retain comorbidities as separate, independent measures because individual comorbidities will be irrelevant for some diseases and are likely to influence the outcomes of different diseases and treatments differently. This was apparent in our work and in studies by others.6'18'30 Our tool is a flexible measure that will allow investigators to examine the varying impact of different comorbidities on different outcome measures, a limitation of approaches that rely on an index.
Despite the limitations identified earlier, this work represents an improvement in the methods available today for measuring comorbidities in large administrative datasets. We hope this measure will be tested and validated through applications by other researchers to other data systems, to other conditions and diseases, and to other populations, such as the elderly. 
